I. INTRODUCTION
Understanding the phase diagram of copper oxide superconductors has been one of the central issues of condensed-matter physics researches since the discovery of the high-temperature superconductivity [1] . Among various types of cuprate superconductors, electron-doped cuprates with the general chemical formula of Ln2-xCexCuO4 (Ln = La, Pr, Nd, Sm, and Eu) have dissimilar electronic properties to those of their hole-doped counterparts, for example La2-xSrxCuO4 (LSCO), originating from their unique crystal structures [2, 3] . Figure 1 shows the crystal structures and the electronic phase diagrams of representative hole-and electron-doped cuprates, LSCO and Nd2-xCexCuO4 (NCCO). As compared to LSCO having octahedral coordinated copper with the T structure, NCCO has square-planar coordinated copper with the so-called T' structure, which is characterized by a lack of oxygen in the apical position, providing distinct properties unique to electron-doped cuprates. The most striking and well-known feature is the existence of the robust antiferromagnetic (AFM) phase in the wide doping range in their electronic phase diagrams, whereas the AFM phase in hole-doped cuprates is readily suppressed upon hole doping. Another marked difference is the stability of the charge-order (CO) correlation and its relationship to the superconducting (SC) phase. Recent resonant inelastic x-ray scattering (RIXS) measurements have revealed that the CO phase develops in NCCO with very high onset temperature (TCO) around T = 300 K, and that this newly-discovered phase coexists with the SC phase over the entire SC dome [4] [5] [6] . This is in stark contrast to hole-doped cuprates, where the CO phase exists only within the narrow doping range near x ~ 0.12 with relatively low TCO below T = 100 K under strong competition with the SC phase [7] [8] [9] [10] [11] [12] . These dissimilar nature should give important insights for understanding electron-hole doping asymmetry in the high-temperature cuprate superconductors. 3 In this study, we examine the impact of the CO phase on transport properties of electron-doped cuprates across the insulator-to-superconductor transition. Among a variety of electron-doped cuprates with the T' structure, we in particular focus on La2-xCexCuO4 (LCCO). The electronic phase diagram of LCCO is qualitatively similar to those of well-known NCCO and Pr2-xCexCuO4 (PCCO) due to the similarity of the crystal structure, while it shows the highest superconducting critical temperature (Tc ~ 24 K) and the lowest critical doping level for superconductivity (xc ~ 0.08) among all the electron-doped cuprates with the T' structure [2, 3, 13] . Moreover, recent RIXS measurements have revealed the existence of the CO phase in LCCO as well, which has a similar character to that of NCCO with very high TCO above T = 220 K at x = 0.08 [5] .
Those Tc and TCO of LCCO are over-plotted in the phase diagram of NCCO (and PCCO) in Fig. 1(d) for comparison.
II. EXPERIMENTAL
We fabricated La1.95Ce0.05CuO4 (001) epitaxial thin films on lattice matched NdScO3 (110) single crystal substrates by pulsed-laser deposition [13] 
III. RESULTS AND DISCUSSION
A. The electronic ground state at VG = 0 V Before focusing on the evolution of the electronic states across the insulator-to-superconductor transition, let us discuss the electronic ground state at the initial ungated state (VG = 0 V). Figure 2 shows the temperature dependence of the sheet resistance (Rs) at VG = 0 V, exhibiting the insulating ground state with the metal-to-insulator crossover temperature (Tmin) of about T = 85 K. This insulating ground state should be attributed to the static long-range AFM phase. In this regime, large negative magnetoresistance (MR) has been known to develop below Tmin primarily due to spin correlations in the long-range AFM phase [2, [15] [16] [17] [18] . The inset of Fig. 2 shows the variation of MR at different temperatures. There was small positive MR (less than 0.1 %) observed at higher temperature above T > 100 K, while large negative MR detected below T = 60 K. The magnitude of this negative MR became larger with lowering temperature, suggesting that the ground state should have a magnetic order.
Moreover, the onset temperature of this negative MR (TMR) coincides with Tmin,
indicating that Tmin at this low-doping regime should correspond to the onset of a magnetic order in the static long-range AFM phase. We note that TMR at the initial ungated state is lower than the Néel temperature (TN) of NCCO, which is around T = 220 K at x = 0.05, but close to TN of LCCO near the similar doping level. The magnetic orders in LCCO have been less studied compared to those in NCCO and PCCO mainly due to the fact that LCCO is stable only in thin-film form, which is not suitable for evaluation of the magnetic structure by neutron scattering measurements. However, there are a few reports discussing magnetic orders in this compound, either by in-plane 5 angular magnetoresistance (AMR) [16] or by low-energy muon spin rotation (LE-SR) [19] . Those studies show that TN of LCCO is around T = 110 K at x = 0.07, which is close to TMR obtained for our sample at the ungated state. We also note that the AMR and the LE-SR results suggest that there are two types of the AFM orders in LCCO, either long-range or short-range as is the case in NCCO [20] , which will be discussed in more details later in Section III-E.
B. Gate-induced insulator-to-superconductor transition
Let us now discuss the gating effects on the transport properties. Figure 
C. The electronic phase diagram
Based on the above results, we constructed an electronic phase diagram as shown in Fig. 4(a) . Also shown are the VG dependences of Tc and Tmin. The resulting phase diagram indicates that the ground state could be continuously evolved from insulating to SC by increasing VG. Furthermore, we found that Tmin exhibits anomalous peak-like behavior with increasing VG, whose peak is located exactly at the onset of 6 superconductivity. Given that the insulating ground state at the low-doping regime should be the static long-range AFM phase as discussed in Section III-A, and that TMR was decreased with increasing the doping level as will be discussed in Section III-F, this non-monotonous behavior of Tmin suggests that there should be another insulating ground state setting in near the boundary between the long-range AFM and the SC phases. Hereafter, we discuss possible origins of this peak behavior of Tmin by separately focusing on the increasing and the decreasing regimes. Considering that the formation of the CO near k ~ (, 0) should impact carrier transport through reduction of the density of states at the Fermi level and/or the increase of the carrier scattering rate due to charge fluctuations, a crossover from metallic to insulating (or less metallic) behavior is expected to emerge upon cooling below TCO. Given that the CO phase in LCCO has a similar character to that of NCCO with comparably high TCO > 220 K [5] , and that TCO in NCCO increases with increasing the doping level in this regime, we conclude that the increase of Tmin in the present study should be attributed to the development of the CO phase in LCCO. We note that Tmin characterized by the transport measurements in this study was far below TCO defined by the RIXS measurements in the previous studies. This large discrepancy between the transport and 7 the diffraction results has been also observed for CO correlations in Y-based hole-doped cuprates [7-9, 21, 22] , where TCO from the diffraction measurements was attributed to the onset of the CO fluctuations above the SC dome, while the characteristic temperature evaluated by the transport measurements was assigned to the onset of the static CO orders below the SC dome. The obtained discrepancy in the present study therefore implies that there might be two types of CO correlations in electron-doped cuprates as well, either fluctuations or static orders, and TCO corresponds to the onset of the CO fluctuations while Tmin reflects that of the static CO orders, although further investigations are needed to support this interpretation.
D. Increasing Tmin regime

E. Decreasing Tmin regime
The CO phase should persist up to higher doping level according to the previous diffraction experiments, whereas the increase of Tmin characterized by the transport measurements should end when the system enters the SC regime due to development of the hole pockets at k ~ (/2, /2) in the Brillouin zone, which is also a unique and general feature of electron-doped cuprates widely observed in NCCO [23, 24] , PCCO [25, 26] , and LCCO [27] . Fig. 1(d) ], which is known to commonly exist in electron-doped cuprates including NCCO [20] , PCCO [15, 28] , and LCCO [16, 19, 27] over the SC dome and terminate at the AFM QCP within the SC dome. The observed coincidence between the decrease of Tmin and the increase of Tc therefore reveals inseparable relationship between AFM spin correlations and superconductivity in electron-doped cuprates.
F. Evolution of TMR
We note that the increase of Tmin discussed in Section III-D should be less relevant to the evolution of the long-range AFM phase with increasing the doping level. Figure   5 (a) shows the variation of MR at different VG at T = 30 K, demonstrating a crossover from negative MR to positive MR with increasing the doping level. Given that this crossover temperature should correspond to TMR as we discussed in Section III-A, TMR should be higher than 30 K below VG = 2.76 V, whereas TMR should be lower than 30 K 9 above VG = 2.78 V. Considering that Tmin is much higher than 30 K around this doping level [ Fig. 5(b) ], we conclude that the observed enhancement of Tmin should not originate from development of the long-range AFM phase but from the onset of the CO phase as we discussed in Section III-D.
G. Generality of peak-like behavior of Tmin in electron-doped cuprates
Taken above interpretations together, we believe that a predominant effect that determines Tmin evolves from spin correlations in the static long-range AFM phase at the initial ungated states (Section III-A) to charge correlations in the CO phase with increasing the doping level (Section III-D), while the short-range AFM order governs the decrease of Tmin at the higher doping level (Section III-E) through development of the hole pockets on the Fermi surface [15, 16, 20, 27, 28] . This non-monotonous variation of Tmin has been widely detected but not fully addressed in the previous studies on NCCO [29] and PCCO [26, 30] . Black solid and dashed lines are long-and short-range AFM orders of NCCO, respectively, determined from inelastic magnetic neutron-scattering measurements [20] .
Blue circles are Tc of NCCO [5] . Green circles are T * of NCCO (filled) and PCCO (open) determined from optical conductivity measurements [29, 34] . Red circles are TCO of NCCO determined from x-ray scattering measurements [5] . Tc and TCO of La2-xCexCuO4 (LCCO) are also shown as blue and red stars [5, 13] , respectively. 
